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ABSTRACT
Until relatively recently, man has been almost 
totally dependent on the sun to directly, or more 
often indirectly, provide energy for his well-being. 
High quality stored solar energy in the form of oil, 
natural gas and, to a lesser extent, coal have been 
in such great, demand during this century that they ' 
are being depleted at an intolerably high rate. 
Consequently, more "renewable" forms of energy are 
being considered—or more accurately, reconsidered. 
It was proven feasible to harness the wind, to col­ 
lect sunlight and store it as heat, and to convert 
thermal energy stored in the oceans to do useful 
work decades ago. However, as adequate distri­ 
bution networks for the fossil fuels and electric­ 
ity were developed, these convenient sources of 
energy led to the abandonment of windmills, solar 
water heaters and the few experimental ocean ther­ 
mal conversion plants which the French worked on ..'. 
during the second quarter of the century. As sup­ 
plies of our convenience fuels dwindle, "conve­ 
nience" will become increasingly expensive and 
availability will become an important factor influ­ 
encing future sources of energy. The main body of 
the paper contains an overview of important con­ 
siderations essential to the evaluation of energy 
alternatives. Those considerations include a re­ 
view of the status of simple solar harvesting tech­ 
niques, direct economic comparisons and socio-eco­ 
nomic ramifications of several of the most prom­ 
ising solar alternatives.
The tools which make use of the sun's rays go back 
to and before the birth of Christ. In 212 B.C., 
Archimedes is said to have ordered the defending 
soldiers of his city-nation of Syracuse, or what we 
now call Sicily, to reflect sunlight from their 
polished bronze shields onto the main sails of each 
ship of an invading Roman fleet as it came through 
the narrow entrance of the harbor. This concen­ 
trated sunlight is alleged to have set the fleet 
on fire and to have saved the city. Although this 
story may have enjoyed some embellishment with the 
telling through the years (at least two other ver­ 
sions of it are circulated), it does indicate that 
man's interest in the practical harnessing of the 
sun's energy is not new. The rapid rise in the cost 
of petroleum which has occurred since 1973 has 
triggered investigation of alternate sources of 
energy, and attention is being redirected toward 
the sun as one of those sources.
Sunshine has some unique characteristics. For one 
thing, it is a replenishable form of energy—we 
won't run out of it in the foreseeable future. For
another, it is found everywhere—everywhere in two 
senses of the word. One, it falls with equal in­ 
tensity on our yards, homes, factories, lakes, 
beaches and forests. Two, it falls on the equa­ 
torial regions and on the poles of the earth. While 
the total annual amounts and monthly distribution 
of radiation impinging on Nome, Alaska, and the 
Island of Trinidad differ markedly, the differences 
are less than you would expect between Bangor, Maine, 
and Key West, Florida. Table 1 (21) shows mean 
daily radiation in Langleys. (To convert this in­ 
formation to Btu's per square foot, multiply by 
3.69.) The table reports total incident radiation 
measured on a horizontal surface. Since the sun 
swings in a low arc across northern skies much of 
the year, a south-facing, tilted surface will inter­ 
cept more sunshine than will a horizontal one. 
This is true to a lesser extent in the South, 
Figure 1 (23.) shows the angles of elevation from 
the horizontal appropriate for various latitudes 
and for different seasonal heat collecting require­ 
ments—maximum summer, spring and fall, and winter 
collection.
Devices to harvest solar energy run the gamut from 
dark clothing to oil wells. We may warm our bodies 
with dark clothing on a sunny winter day, or we may 
drill for oil which nature has produced from solar 
energy stored as vegetation tens of millions of 
years ago. Table 2 (9) lists sources of energy 
currently available to mankind. From this table it 
is apparent that most of the energy we have been 
using during man's tenure on earth has had as its 
source the sun.
Until about 200 years ago, we lived pretty much in 
energy balance with our environment. Then came the 
industrial revolution, and since that period we've 
developed an ever-increasing greed for energy. 
Additional pressures have developed during the last. 
50 years on the earth's oil and natural .gas reserves 
because we have found those materials to be excel­ 
lent feed stocks from which to make fertilizer, tex­ 
tiles, medicine, synthetic rubber and plastics. It 
may be that, as the finite reserves of oil and nat­ 
ural gas shrink, we will want to use them exclusively 
as raw materials and stop using them as fuel. Those 
two energy sources directly or indirectly provide 
us with 76% of the energy we used in America during 
1977. The production of oil from oil shale is, un­ 
fortunately, fraught with economic and environmental 
problems. Consequently, oil shale is not an energy 
genie which will give us low cost energy.
In terms of alternative energy sources, coal is a 
major possibility and the pollution problems asso-
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elated with its use are being studied (4). Fluid- 
ized bed coal-fired boilers will be expensive to 
operate, but they will not produce as much air pol­ 
lution as old fashioned coal boilers. We have 
plenty of coal for the next few hundred years right 
here in the United States, however the environment­ 
alists are less than enthusiastic about renewed 
strip mining.
Rotational tree farming of 400 square miles is 
being considered by a New England utility company 
to provide wood chips as fuel for an electric gen­ 
erating plant large enough to serve 500,000 people 
(10). Like oil, gas and coal, wood represents 
stored solar energy, t>ut the storage cycle is 20 
to 50 years, not millions. Trees and fast growing 
crops are being studied as a source of alcohol and 
methane fuel for transportation needs, space con­ 
ditioning and power generation (4), (10). It's 
estimated that two-thirds of our annual petroleum 
consumption could be eliminated if one-third of 
the farmland under cultivation were devoted to the 
raising of such crops (10). Whether farmers will 
give up lucrative crops like wheat and corn to ex­ 
periment with an "energy crop" is not certain. 
Even if they do, the cost of the final product will 
be high.
Moisture evaporated from the surface of low-level 
bodies of water and returned to higher regions as 
rain has for years been turning water wheels and 
providing power for mills or for electric gener­ 
ators. Unfortunately, most of the natural hydro­ 
electric sites in the United States are being used 
to their maximum productive potential at the pre­ 
sent time. The creation of new sites with any pro­ 
ductive capacity of consequence would require the 
flooding of scenic valleys and farmlands—an un­ 
popular side effect which the environmentalists are 
resisting vehemently. While only 38% of the avail­ 
able hydroelectric sites in the United States are 
being used, they are the best of those available.
Work is being done in wind energy for irrigation and 
on-site power generation. A 100 KW NASA wind gene­ 
rator is in use near Sandusky, Ohio, and another is 
planned for use in 1978-1979 with a 1,500 KW capa­ 
city (5), (11). About 1.5% of the solar energy 
which falls on the earth is converted to wind 
energy (10) and there are several places in the 
United States where it's thought that harvesting 
it is practical (11). But the harvesting equipment 
is expensive as is the maintenance required. 
(Neiman-Marcus 1 1977 Christmas catalog featured 
"his and hers" windmills at about $15,000 each.)
Wave and tidal energy are not being seriously con­ 
sidered for use except in areas where tidal re­ 
sonance creates very large high-to-low tide differ­ 
entials. Few of those areas exist in the United 
States, but one tidal electric plant is in oper­ 
ation in France.
Nuclear energy is now producing about 8%-10% of 
the electrical power we consume in America (22). 
The scientific community is not unanimous in prai­ 
sing the light water reactor, however. The pros 
and cons have been extensively discussed in the 
press (20). While experts' opinions differ, this 
much is clear: strict operating procedures and
inspections are making the expansion of nuclear 
power production much slower than had been expected. 
Many utility companies have dropped their plans to 
build more nuclear reactor-powered electric plants.
Geothermal power has been used in California to 
generate electricity for some time. Some severe 
problems have been encountered because of the highly 
corrosive nature of the steam (6). The problems 
are academic to Florida, however. The hottest spot 
found within 2,000 meters of ground level is only 
76°C. (It's in Charlotte County.) Brine with a 
temperature of 100°C is thought to be more than 
4,000 meters below the surface of Florida (33). 
It isn't within the realm of economic feasibility 
to drill that deep for an unknown quantity of steam. 
The Department of Energy (DOE) is funding experi­ 
mental work in this field--tentative evaluation, 
costly energy.
That leaves us direct harvesting of the sunshine 
as thermal energy, as electrical energy, or the 
more indirect harvesting of solar energy stored as 
atmospheric heat or as oceanic heat. The tech^ 
nology for harvesting in any of these ways has 
long been at hand.
Flat-pi ate and concentrating collectors have been 
in use since Lavoisier melted iron with a pair of 
glass lenses in 1774 (35). In fact, from 1900 
through about 1960, the use of flat-plate solar 
heat collectors was so widespread in Florida that 
it supported a fair-sized solar industry. Inex­ 
pensive electric water heaters and "live better 
electrically" merchandising coupled with very low 
per KWH electric charges caused the public to turn 
away from solar water heaters during the 1960Vs, 
and by 1970 the manufacturing capability had died 
out nearly completely (27).
Heat pumps have been in widespread use for a quarter 
of a century to transfer heat from the atmosphere 
at, say, 40° to a building at 70°, They use ex­ 
pensive electricity to power their compressors, but 
with propane, natural gas and oil prices contin­ 
uously rising, those with high coefficients of per­ 
formance may soon be cheaper to operate than con­ 
ventional furnaces. Solar-assisted heat pumps show 
considerable potential.
That both the collectors and heat pumps utilize on- 
site solar energy to meet on-site energy needs is to 
their advantage. It eliminates the costly trans­ 
portation of raw fuel. Of course, the heat pump 
uses some off-site produced energy, but (in the 
heating mode) only about 1/3 of that which would be 
used by resistance heating. (Solar-powered absorp­ 
tion air conditioners will be considered in a sub­ 
sequent paragraph.)
Ocean thermal gradients of 30° F exist within a few 
miles of sections of Florida's Atlantic coastline, 
Serious thought is being given to evaporating ammo­ 
nia or propane with 80°F water from the Gulf Stream, 
driving turbines with the gas and recondensing it 
with 50° water from the ocean bottom (36). Several 
methods have been suggested for getting electricity 
produced by such an Ocean Thermal Energy Conversion 
system to shore. One suggestion involves electro- 
lyzing sea water and piping the hydrogen produced
3-23
to the point of use. All this requires that we
think big* Huge generators, pipes, turbines, crew 
quarters and the like are involved. Huge outlays
of money and! long periods of time will be required 
to build such rigs. The idea is not a, new one, 
One such device was built off the shore of Cuba 
between 1925 and 1934 by Georges Claude (2), 
(30)* In addition to their enormity, the ocean 
thermal gradient harvesters have at least one other 
shortcoming. They do not make use of on-site re­ 
sources to meet on-site energy needs. Thus, they 
do not allow us to capitalize on one of'solar 
energy's greatest assets, free delivery. However, 
the ma in problem' is that the energy they will supply 
will be expensive.
Photovoltaic cells use on-site energy. They con­ 
vert light energy into electrical energy with about 
12% efficiency. About one kilowatt of solar energy 
falls on each square meter of Florida roofs for 
about eight hours each day (3). Since most house­ 
hold appliances use electricity, albeit AC rather 
than DC, it seems logical to view photo cells as 
our salvation. There is, however, a problem. 
Durable monolithic silicon photo cells cost about 
$12,000 per kilowatt capacity. This places the 
cost of an array plus storage batteries with enough 
capacity to power the average 1,600-square-foot 
house at some $200,000. Mobil-Tyco solar energy 
laboratories near Boston are working on a machine 
with which their scientists hope to grow a "ribbon" 
crystal which will be much cheaper than the single 
crystals now in use. Thin film cell systems are 
showing promise, but no one knows as yet how soon 
cheaper photovoltaic converters will be available.
In the meantime, it is well to remember that the 
University of Florida solar research laboratory 
reports that 85% of the energy Florida homes con­ 
sume is used for water heating, space heating and 
cooling (7). These are all low-temperature thermal 
processes, and sunlight can be converted to low- 
temperature thermal energy with either a flat-plate 
heat collector, Figure 2, (25) or a concentrating 
lens or reflector type collector, Figure 3 (27).
Because of the fact that solar energy density is 
about 1/500 of that impinging on the tubes of a 
fossil-fueled boiler (13), solar collectors must 
be quite large if they are to meet a substantial 
portion of a given energy demand. The sizing re­ 
quirement holds true whether the collector is a 
non-concentrating flat-plate collector or a concen­ 
trating collector. While the concentrators collect 
energy at a higher temperature than do the flat- 
plate collectors, the same quantity of solar energy 
strikes either shape of surface. Their per-square- 
foot output in Btu's is about the same, so long as 
they are operated within their respective temper­ 
ature ranges.
The flat-plate collector is shown in cross section
in Figure 2. Because the glass cover or covers 
are transparent to the entire solar spectrum, they 
admit solar energy. Because glass is opaque to 
long wavelength heat radiation, the reradiation 
from the blackened heat deck is trapped within the 
heat collector and the thermal energy may be taken 
elsewhere for use or storage by liquid or gaseous 
heat transport fluids.
Figure 4 (23) shows the standard configuration for 
a thermosyphon solar water heating system. It has 
no moving parts to require maintenance. It is self- 
regulating in terms of flow rates—the brighter the 
sunshine, the larger the density difference between 
the cold "leg" and the hot "leg" and the faster the 
flow. The only "service" required is the draining 
of the exposed collector and connecting piping during 
cold nights when freezing is a danger. In 1951, 
there were about 50,000 such water heaters in use 
in Hiami alone (12). One of the reasons that in­ 
terest in solar water heating died out during the 
1960's had to do with the requirement that the stor­ 
age tank be elevated at least two feet above the 
heat collector. This often placed the tank in an 
attic with attendant installation problems and leak 
hazards. Most solar water heaters sold today are 
as pictured in Figure 5 (23). The on-off mode of 
the circulation pump is controlled by a thermostat 
which senses the relative temperature of the water 
exiting the bottom of the storage tank and that 
exiting the top of the heat collector. When more 
than approximately a 5°F differential exists in the 
collector's favor, the pump is turned on. A good 
quality heat collector 40-50 square feet in size 
coupled with a 80-100-gallon storage tank will meet 
80%-!00% of the hot water needs of a family of four 
in most of Florida (7), (25). The balance of the 
hot water need can be met with an electric booster 
element in the top 1/3 of the solar storage tank, 
Figure 6 (23). The four largest conventional water 
heater manufacturers in America are offering solar 
storage tanks in sizes from 40 to 120 gallons. All 
of them manufacture complete solar water heating 
systems. Literally hundreds of smaller solar water 
heater companies exist. Many of them market very 
good equipment. Solar water heaters are comparatively 
expensive ($1,000 to $2,500 installed), but if energy 
costs continue to increase at 10% per year they make 
good long-range economic sense (Table 3).
Solar building heating systems are often simply very 
large solar water heaters with an added convector 
or fan coil system to heat the building. Sometimes, 
however, air is used as a heat collecting fluid, 
Figure 7 (27), and heat storage is accomplished by 
passing the solar-heated air through a bin full of 
golf ball-sized rocks, Figure 8 (1). Solar heating 
of buildings is economically sound in many sections 
of the country. Most authorities agree that solar 
building heating is competitive with electric heat 
north of about the latitude of Birmingham, Alabama 
(13).
On the other hand, solar air conditioning, Figure 9 
(26), has a great future in warm climates. When 
the sun is providing the most energy, the air con­ 
ditioning is needed the most. Of course, the heat 
collectors used to power or partially power the 
air conditioning unit may be used to winter heating, 
too.
There are no fully-unitized solar air conditioning 
systems on the market. The reason for this is that 
not all the engineering problems have been solved 
yet. To understand those unsolved problems it's 
necessary to consider the driving temperature re­ 
quired by the commonly-used absorption air condi­ 
tioning systems. Arkla produces lithium bromide- 
water absorption systems in various tonnages from
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3 tons (36,000 Btu/hr) up. A number of manufac­ 
turers produce the same type of system in the 
20-to 100-ton range. These units are designed to 
operate in the waste steam temperature range--say, 
220°F. Arkla has in limited production some units 
which are designed to operate as low as 180°F-190°F.
Now, herein lies the problem. Flat-plate heat col­ 
lectors, which can be produced for a reasonable 
cost, function very inefficiently at 180°F-200°F. 
Their top limit for operation at 40%-60% efficiency 
is 140°F-170°F. On the other hand, concentrating 
mirrors and lenses, which will operate efficiently 
at 180°F-220°F (or 600°F-1,200°F, for that matter) 
are expensive. Additionally, concentrating col­ 
lectors are able to utilize only direct or beam 
radiation from the sun, Figure 3. That means they 
must be aimed to keep their energy focused on their 
heat-collecting pipe. Most often they track the 
sun across the sky from morning until night. 
Gimbaled mounting and drive mechanisms are very ex­ 
pensive if they are constructed to withstand hur­ 
ricane force winds.
There is another problem encountered with concen­ 
trating collectors. As much as 30% of the total 
radiation which a heat collector receives in the 
course of a summer day is not direct--!*t is diffuse. 
It is reflected from the cumulus clouds which dot 
summer skies. Flat-plate collectors utilize dif­ 
fuse as well as beam radiation; concentrating col­ 
lectors do not. This presents a dilemma: flat- 
plate collectors are inefficient at high temper­ 
atures; concentrating collectors fail to collect 
diffuse radiation. At present, solar air condi­ 
tioning systems, regardless of which types of col­ 
lector is used,are not economically competitive 
with conventional systems.
Several solutions are being pursued (8), (17), (24). 
Redesign of the refrigerant generator section of 
lithium bromide-water systems may allow solar energy 
to raise the brine solution from absorber temper­ 
ature ca. 85°F to ca. 160°F and oil or gas energy 
to raise it from 160°F to 200° - 220°F. While the 
quantity of refrigerant (H20) which can be driven 
off the brine solution is not linearly related to 
the temperature, this solution exhibits promise. 
Dr. Ronald Evans, chairman of the Department of 
Mechanical Engineering and Aerospace Sciences at 
F.T.U., has explored this possible solution. Work 
at the University of Florida pursues a different 
solution (8). Ammonia-water absorption systems (in 
which ammonia is the refrigerant) will operate at 
160°F. For some years the solar demonstration house 
at the University of Florida has been air condi­ 
tioned with such a unit. One deterrent to the com­ 
mercial adoption of such systems may be the fact 
that the ammonia is confined under about 10 atmo­ 
spheres of pressure. Ammonia is highly toxic.
Regardless of how the problems end up being solved, 
solar air conditioning will be of more use in 
Florida than anywhere else in the United States, 
with the exception of the southwestern desert re­ 
gion, Figure 10 (22).
There are three other areas of solar utilization 
which may become increasingly important.
Solar-operated irrigation pumps were in use through­ 
out the world during the late 1800's and early 1900's 
(15). They have been studied more recently for use 
in India and other food-poor nations (14). Solar- 
operated irrigation pumps could be useful for re­ 
mote pumping stations on large ranches and farms 
as conventionally-powered pumps become more ex­ 
pensive to operate.
Another area of solar application of importance 
relates to .agriculture. The largest independent 
ornamental plant nursery in Florida (John's Nur­ 
series, Apopka) spent 10.4<£ per square foot of 
greenhouse for heating during the winter of 1975- 
1976 ($140,000 total) (28). New concepts in green­ 
house design may allow a reduction in the quantity 
of expensive oil and gas required for freeze pro­ 
tection (16), (29).
Like fossil fuels, fresh water is becoming scarce 
in some localities. Rivers are polluted. Salt 
intrusion is already a problem for some cities which 
draw their water from well fields near the coasts. 
Pollution of the aquafier is a problem in several 
locations scattered throughout the country. As the 
population grows, these problems are bound to in­ 
tensify. In this area, too, we may wish to use 
sunshine. Solar stills provide all the water for 
the Chilean nitrate mines near Las Salinas from 
1872 to 1910 (34). Extensive experimentation with 
solar stills was carried out at Ponce de Leon Inlet, 
Florida during the 1950's by Battelle Memorial 
Institute (31), (32). A recent development in 
Germany incorporates heat pipes in solar stills. 
The output of those stills has been increased from 
three liters per day to five liters per day for each 
square meter of deck area when they are used in 
warm climates (19).
In terms of near-term assistance in reducing energy 
costs, our greatest allies are probably conserva­ 
tion measures. For nearly 25 years following World 
War II, energy costs went down. Electricity was 
not even an item in the family budget. Gas price 
wars were the rule rather than the exception. It 
was natural that we develop some very wasteful 
habits. However, the oil-producing nations have 
realized that they are the custodians of an ex­ 
haustible asset. It's a pretty good bet that petro­ 
leum cannot ever again be looked to for the pro­ 
duction of cheap energy. Unfortunately, the alter­ 
native energy sources will not bring back cheap 
energy either. Becoming more conservation-conscious 
in our approach to energy usage offers us an oppor­ 
tunity to effect savings immediately with a minimum 
expenditure for new equipment (18).
The next step may well be the use of simple on-site 
solar harvesters such as flat-plate or concentrating 
solar heat collectors. Dependent upon technical and 
manufacturing progress, solar cells may become in­ 
expensive enough for widespread use before nuclear 
breeder reactors produce a significant portion of 
our electric power.
Huge ocean thermal gradient harvesters and massive 
desert solar-electric plants seem less likely to 
prove cost effective in the near future,, but as 
time passes they, too, will be required to meet 
our energy needs.
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Nl 
O
MEAN DAILY SOLAR RADIATION (Langleys) AND YEARS OF RECORD USED
STATES AND STATIONS
ALASKA, Annette 
Barrow 
Bethel 
Fairbanks
ARIZ., Page 
Phoenix
CALIFORNIA, Davis 
Fresno
Inyokern (China Lake 
LaJolla 
Los Angeles WBAS 
Los Aneeles WBO
Riverside t 
Santa Maria 
Soda Springs 
COLO. , Boulder 
Grand Junction
Grand Lake (Granby)
Silver Hill 
FLA. , Apalachioola
Belle Isle 
Gainesville 
Miami Airport 
Tallahassee
Tampa
GA. , Atlanta 
Griffin 
HAWAII, Honolulu 
Mauna Loa Obs .
IDAHO, Boise
Twin Falls 
ILL., Chicago 
Lemon t
IND. , Indianapolis
1 IOWA, Ames 
KANS. , Dodge City 
Manhattan 
AY., Lexington
New Orleans 
Shreveport 
MAINE, Caribou 
Portland
Blue Hill 
Boston 
Cambridge
Lynn 
HIGH. , East 'Lansing
MINH. , St. Cloud 
HO. . Columbia (C. O. )
MONT. , Glasgow
Summit 
NEBR. , Lincoln 
North Omaha
NEV. , Ely 
Las Vetras
N. J . , Sea brook 
N. H- , Mt. Washington 
K. Hex.. Albuquerque 
N. Y, , Ithaca 
N. Y. Central Park 
Say vi lie 
Schenectady
N. C., Greensboro 
Hatteras
Raleigh 
S. D. , Bismarck
Pul-in-Bay
St illwater
ORF;G. , Astona
Mod ford 
PA.. Pittsburgh
State Col Icge
S. D , Rapid City 
TENN. , Nashvj t le 
Oak Ridfcfj
El Paso 
Ft. Worth
Midland 
San Antonio 
UTAH. Flami:«K Gorge
Sail Lak<- City 
VA , Mt . Weather 
WASH. , North Mead 
Friday Harbor
Pr<*ss»«r
Pull mm.
S r .'*kane
*¥0, , Lander
ISLAND STATIONS 
Canton Island 
San Juan,, P, R,
Swan Island 
Wake Island
JAN
63
ft 
38 
16
300 
301 
315 
188
184
306 
244 
248 
243
275 
263 
223 
201 
227
212
177 
298
297 
267
327
218 
234 
363 
522 
359
163 
96 
170 
144
174 
255 
192
172
214 
232 
133
153 
129
153
118 
121
168
154 
14O
122 
188 
193
236
157 
17 1 
303 •
16 
30 
60 
30
YR
2
1 
'A
1
19 
10
i:
6
10
I n
8
11
20 
19 
6 
10
9 
11
8
2
27 
16
2 
10
8
6
3 
3 
39
3
7
2
41-
34 
11 
8 
to
00 ! 7 
38 : 10 
35 | 3
SI ?
T5B —— T
26 1 0 
51 10 
05 8
in s 7H'q:r~~ 2
16! 11
33 19
52""
49
61
;i3
50 
K37J_ 
?2
ii+
75
119
2:26" r
S«fl.
404
442
I 1
1
___
1 
7
9 
2"" H"
4 
8
.... .g
9 
S 
6
FEE
115 
38 
108
409 
391 
260
28£
412 
302 
331
327
367 
346 
316 
268 
324
313
247 
367
343 
415
391
290 
295 
422 
576 
400
240 
147 
242 
213
253
316 
264 
263
306
292
231
*
YRS
6 
8
11
; ]
l 
0
- _ 
11
c
7
10
10
8
11 
g
4 
4
20 
19 
6 
10
5
7 
3 
9
11
J 
9
228 27
194 17 
235 3
210
260
258 
232 
162 
259
299339*
227 
218
386 194"
199 
249 
200
11 
9 
8
8 
9 
2 
39
__1 
9
8 
2 
13
21 
34 
11 
9
276 1 9 
317 9 
302 ! 2
250) 8
200 
204 
3 1 9 
?8B 
162
215 
201
~7~ 
9 
10 
8 
8
11 
19
i 14 '"" 1 1 '
228 19 
239 11
4JlW 
320 
J58 
347 
298 
^56
139
204
324
481496"
~ r r1 1
8
2
9 
&
9
4
7
MAR
236 
180
526 
526 
540 
353
427
562
470 
436 
-478 
482 
374 
401 
434
423
441
427
489
474
385
680 
487
355 
227 
340 
316
326 
418 
345 
357 
397
384 
364
319 
290 
323
"309" 
356 
368
385 
366 
268 
350
365 
468
318 
238 
511 "272' 
290 
335 
273 
339_,
354 
426
350
297 
302 
409 
390 
270
336 
295
388
322 3-'U
547" 
427 
476 
417 
443
154
26 S 
121
452
580
615
YRS
8
11
10
31
11 
10
11 
8
7
10
12
8
10
4
20 
19 
6
1075
3 
10
11
3
8
2
26 
17 
3
~rr
10 
8
•-7- 
9
ir 9
8 
2
13 23' 
33 
10 
9
8 
6
10 
9 
9
8
11 
20
i"
9
1
"lo­ 
ll
9 
9 
2
8
9 
8
9
4
6
APR
364
380
638
655 
446
~lw
683
515 
483
541
552 
551 
460 
546
512
535
517
539
522
689 
529
462 
331 
402 
396
403 
528 
433 
480
446
400
*
389 
350
359 
416 
426
466 
434 
414 
416 
463 ^563"
403
618 334" 
369 
415 
338
469 
069 
466
447
3W 
386
494 
454
375
482 
380
5T2"
432 
450
488 
550 
445 
522
479
403 
474
548
622
646
YRS
8
11
" TT
1]
10
K
t
8
8
10
1 12
1 10
8
11
1
21 
19 
6 
10
5 
7 
3 
10
4 
10 
8
26 
17
11 
10 
8
11
8 
8 
3 
39-i
8
13"23 
35 
10 
9
9 
9 
3 
8
—— T
11 
10 
9 
8
1 1 
20
11
19 
11
~Ti 
11
8 
9 
2
8
J
11
4
6
MAY
437 
513
724 
729 
523
647
772
572 
555
623 
635 
615 
460 
615•352
603
579
596
533 
570
727 
573
585 
552 
424
506 
488 
480 
568 
527 
581
558 
476 
514 
431
469 
445
454 
483 
523 
496
'568 
528 
462 
494 
516 
"6251
482 
* 
686 440" 
432 
494 
413
531 
635
494 
550
T7T 
468 
536 
504 
492
592
456
~55Y
503
518
7T4 
562
en
541
565
570
503 
563
587
519
625
YRS
6 
8
11 
£
~TT
11
9
• 9
11
3
4 
9- 8 
2
9r 10
\ 12
8
11
11
3 
5
10 
20 
19 
6 
__?_
7 
4 
10
4 
10 
9
2
S
2L ' 10" 
10 
8
8 
8 
3 
40 
3
9
13 
24 
35 
10 
9
10 
10 
2 
8
—— 6~ 
11 
10 
9 
8
11 
6 
20
U
18
11
'IT 
11 
8 
9
2—— T
10 
9 
9
11
5
6
JUNE
438
528
707
739 
699 
559
""7152
819
596 
584
680
694 
691 
525 
708
" 632 
494
555 
578
464 
521
574
562 
577
* 
566
636 
592 
458 
553 
__543 
541 
650
628
557 
470 
539 
514
510 
483
-547" 
557 
535
605 
583 
493 
544 
546
712
527
726 
Ttil 
470 
565 
448
"564 
652 
564 
590
562 
544 
615 
600 
469
491
518
564
551 
551
~72"9 
651 
617
650~62F
461
511 
596
"678"
536
544 
656
NOTES:
YRS
6 
8
—— 2 
11
5 
9
ITS
9 
i 9
9 
11 
4
S
3
2
\ "* 
9
ft
9
I' 11 
11
5
9 
18 
18 
6
1
9
4
10 
9 
2
27 
16
~rr 
11
8
8 
8 
3 
38 
4
10
8 
13-23-
34 
10 
8
10 
10 
2 
9
4 
11 
7 
10 
8
6 
20
rr 1 1
11
"rr 
11
8
2
7
10 
9 
9
11
6
8 
6
JULY
438
429
680
658 
626 
556 
682 
682
497 
641 
651
6*73 
680 
760
676
WO 
536
529
483 
532
534
556
703
598
670 
602 
473 
540 
541
436 
642
617
578 
508 
561
502 
486 
482
^~T40" 
573 
557
645 
639
560 
568 
568 
647
509
683 -5TT
459 
543 
441
YRS
9
2H
11 
6 
8
1 18__5~.
22 
9 
9
"ii
3
8
2
9
10 
10
3
9
11
3
5
10 
20 
19
:o
6 
8
10
4
11 
9
26 
16
11 
11 
9 
10
9 
9
38 
4
11
8
12~23" 
35 
10 
8
544| 10 
625 10 
535 3 
617 10
IvTC 
561 
610 
596
497 
511
520 
590
526
~~(5615' 
613 
608
599, ~620
496 
566 
665
651
639
588
—— 5~ 
10 
8 
10
7 
20
.. ..... 
11
11
"11" 
11 
7
3
6 
10
1 1 
9 
9
~ir
3
9 
5.. .. 8...
AUC
255 
317
596 
613 
588 
518
612 "~R2T
581 
581
618 
613 
681
595
446
511
483
542 
494
522
642
567
576 
540 
403 
498 
490
460 
592
563
528 
448 
488
449 
411
466 
472 
486 
522
531 
532
484 
519
618
455
626 ~45'3 
389 
462 
397
485 
562 
476 
516
"~4T7 
487
545
409 
444
~50"1 
541
478
670 
593 
574
538
551 
507
435 
452 
5:36
5M 
536
597 
549 ~59T
YRS
10 
29
3 
11 
6 
9
18___.
10
-^l
11 
3
8
7 
3
9
8
10
2 
9
11
2 
5
10 
20 
18 
6
11 
6 
9
10
4 
11 
8
27
16
11 
10 
8 
10
10 
9
38
4
11
9
13 ~23" 
35
10 
8
10 
11 
3 
11
— r
10
10
6 
20
"Ti­ 
ll
11
~r<r 
u
8
3
7
10 
10 
9
"TO 
3
6 —— 7 -
SEPT
115 
180
516
570 
439 
493-~5 JO-
YRS
10 
29
3
6
! 7 
! 18 r~3T
503 10 
500 10
"535 —— 9 
524 11 
510 3
514
375
456
418
452
416 
435
602 
539
460 
432 
313 
398 
_._1Q.S_ 
367 
493
494
336
354 
334
373 
322 
366 
453
410 
407
396 
410
518
385
554 
~346 
331 
385 
299 
391406"1
379 
390
~T52~ 
382
455 
—397"
339 
358
—404" 
435
416
~~57t5 
503 
522
425
446 
351
299 
324 
404
-"472 
438
640 
531 -535
8
6 
3
9
9 
10
9
11
2
5
10 
19 
19 
5 
_JL. 
6 
9
10 
11
11
28
11 
10 
8 
10
10 
10
38
4
11
9
.14 " 21" 
36 
10 
8
10
3 
11
—— 4" 
11
11 
~ 4"
6 
20
~1I" 
11
11
"11" 
11 
D 
10 
3
a
H
/i
H 
10 
10
8 
3
9 
6
H
OCT
41 
82
402
442 
343 
347 
^76
373 
362 
"407 
419 
357
373
299
413
347 
384
400 
"34T 
368
560 
466
301 
286 
207 
275 
293 
274 
380
357 
402
212
h266 
235
216 
237 
322
267 
264 
216 
296 
298
394
278
438 
231 
242 
289 
218 
293
322
307 
272
"586 
275
354 
~?TS
207 
256
33* 
315 
308 
318
460 
403 
396 
398 
352
316 
194
245 
170 
188 
225
354 
324
651 
460 457"
YRS
10 
30
3
6 
8 
19 
Iff
10 
10
11 
4
10
3
10
8 
10
9"Ti­ 
ll
2
5
11 
20 
20 
5 
11
7 
9
9 
11
13
,!
28 
16
-"If 
9 
7 
10
— r
10 
2 
36
~T6"
7
15 ~22~ 
36 
10 
8
10
3 
11
—— 4" 
11
10
8
5 
20
~TT 
10 
19 
11
"IT 
11 
9 
10 
3
10
5 
9 
10 
9
5 
3
9 
6
7
NOV
# 
26
310
356 
244 
222 "250
289 
281 
-3F9 
313 
248
260 
"53T 
211
332
300
353
292 
356 
"26F 
283
504 
_386_ 
182 
176 
120 
165 
177
187 
285
245 
300
111
152
162 
136 
164
135 
T3T 
105 
146 
225
~15T 
154 
102 
199 
204 
-289 
318 
192
334 
120 
147 
186 
128
243"1
235 
161
ITS 
144
269 
111 
144
118 
149
286 
204 
208 
213 
296 
372 
306 
325 
295 
262
204
122 
102
146 
93 
104 
131
~239~ 
229
600 
41 1
394
YRS
26
3
6 
10 
19
11
10 
10
1 9 
1 1J
10 1 —— 6" 
3
10
10
2 
9-TT
11
2 
__ 5_ 
11 
20 
20 
5 
11
7 
10
9 
10
13 
1 1
2
28 
4
Sr
9 
8 
10
— r
10 
2 
40 
k4 0" 
11 
8
15 -23- 
36 
10 
8
10
3 
10
4 
11
9 
8 
4
11 
6 
20
11 
10 
18 
10
Tl 
11 
8 
10 
3
3 
10
~ "5" 
9 
9 
9
9" 
3
8 
6
8
DEC
# 
22 
6
243
305 
187 
148 
T6T
300 
221 
241 
234 
"270 
252 
182
212
184 
166
262
233
230 
300 
~2TT 
201
481 
343
124 
131 
76 
138 
132
143 
234
174
250
107 
137 
124
135 
124
~ior
96 
124 
158
Tie- 
112
76 
159 
170 
"218 
258 
140 
96 
276 -"96- 
115 
142 
104
197
199 
124
129 
109
209 
79 
80
93 
77 
118
~225 
158 
150 
163 
263 
^313 
245 
275 
256 
215
77 
75
100 96" 
59 
64 
75
T9'fi- 
186
572 
411
VRS
9 
20
6 
10 
19
:»2
12
10 
10
9 
11 
3
10 — T 
3
10
10 
10 
2
9"~rr 
11
5 
3 
5
11 
19 
20 
5 
_UL 
7 
10
11 
10
14
9 
9 
2
28 
15 
4
-"TT"
9 
8 
9
10 
2 
39 
4To~
11 
8 
2
14-2T
35 
11 
8
8
3 
10
'5 
11
8 
8 
4
11 
5 
20
-IT- 
10 
19 
11 
10— rr
9 
8 
8 
3
9
3 
8
4—— 5" 
9 
10
7
4
8 
6
8 
7
ANNUAL
243 
206 
233 
224
498
518 
385 
431 "450
568 
380 
463 
436
483 
481 
459 
367 
456— 4TT~
356 
333 
357 
444
410 
451
SlHT" 
413 
516
484
395 
378 
273 
352 
345 
345 
447 
371 
411 
418 
347 
400 
316 
350
328 
322
317— 3rr"
333 
348 
380
—— J88~ 
366 
312 
363 
379
509 
339
512 
302 
298 
352 
282 
355 —— 383"
369 
335 —'•JRT 
332 
436 
405 
301
389 
280 
318 
338 —— ?OT~ 
392 
355 
364 
442 —— 536~ 
445 
466 
442 
426
394 
350
320
399 372~ 
272 
300 
361
443 
408
597 
512
526 
560
TABLE 1 . 
FROM: CLIMATIC ATLAS OF THE UNITED STATES 
JUNE 1968
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SOLAR ENERGY-
- FOSSIL FUELS 
COAL
OIL -- OIL SHALE 
PEAT 
NATURAL GAS
-WOOD AND VEG. WASTE
-EDIBLE CROPS
-HYDRO ENERGY
-ENVIRONMENTAL HEAT
-SOLAR RADIATION—^OCEAN THERMAL GRADIENTS
-WIND ENERGY—
LUNAR ENERGY- 
OTHER————*
-TIDAL ENERGY-
-NUCLEAR
-GEOTHERMAL
-WAVE ENERGY
TABLE 2. ENERGY SOURCES
30 35 
latitude (degrees)
FIGURE 1.. OPTIMUM COLLECTOR ANGLES
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Not less than 3/8" 
if two covers used.
" to 2" between 
deck and cover.
4" to 8" between 
soldered tubes.
No smaller than i- 11 
I.D. tube except 
on closed loop 
systems. Boiler 
scale can be a 
problem with small 
diameter tubing.
Minimum deck thickness: 
Copper .006" 
Aluminum .010" 
Galv. iron .020"
Minimum bottom 
insulation thickness: 
1" foam 
2i" fiberglass
Edge insulation: -J-" to 1" foam. While increasing the
thickness of edge insulation reduces edge 
losses, it also reduces heat collection 
area and thus heat gains. -I" of good 
quality foam is a rule of thumb compromise 
for most climates when insulating metal hous­ 
ing boxes.
FIGURE 2. CROSS SECTION OF A FLAT PLATE HEAT COLLECTOR.
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REFLECTING 
TROUGH
SECTION OF CONCENTRATING 
COLLECTOR FITTED WITH 
FRESNEL LENS.
FIGURE 3. CONCENTRATING COLLECTORS.
Safety devices such as Pressure 
& Temperature Relief Valves 
must be installed in all systems 
and meet applicable codes.
cold water from street •
pressure & temperature relief valve* 
gate valve
air inlet drain cock (boiler drai Jn)^J •
gate valve -
solar heat collector.
ZP-
3&C
!±ta»^
j'_./_-
'hot water to house 
siphon breaker
•80-120 gallon solar storage tank
"••''"pressure £ temperature relief valve
•water drain cock (boiler drain)
'drain holes'
FIGURE 4. CONCEPTUAL DRAWING OF THERMOSYPHON SOLAR WATER HEATING SYSTEM
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solar heat collector automatic air discharge valve 
pressure & temperature relief valve
a> r in let drain cock ^Doi 'er drain)
cold water from street 
hot water to house
temp*rature control by-pass
loop with gate valve
n—•"-siphon breaker
gate valve 
solar storage tank
gate vaive
thermostat sensors and wires rculating pump 
pump controls
FIGURE 5 CONCEPTUAL DRAWING OF PUMPED SOLAR WATER HEATING SYSTEM
pressure & temperature relief valve
y
hot water to house ———
hot water from 
collector •
electric booster •
solar storage tank •
cold water to 
collector — '
FIGURE 6. ' SOLAK STORAGE TANK.
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PROJECTED UTILITY COSTS FOR WATER HEATING BY THE YEAR FROM 1976 - 1985 FOR LAKELAND, FLORIDA
PERSONS 
Iti. HOUSE
1
2
3
4
5
6
7
1976
$ 48.00
96.00
144.00
192.00
240.00
288.00
336.00
1977
$ 52.80
105.60
158.40
211.20
264.00
316.80
369.60
1978
$ 58.08
116.16
174.24
232.32
290.40
348.48
406.56
1979
$ 63.84
127.68
191.52
255.36
319.20
383.04
446.88
1980
$ 70.20
140.40
210.60
280.80
351.00
421.20
491.40
1981
$ 77.28
154.56
231.84
309.12
386.40
463.68
540.96
1982
$ 84.96
169.92
254.88
339.84
424.80
509.76
594.72
1983
$ 93.48
186.96
280.44
373.92
467.40
560.88
654.36
1984
$102.84
205.68
308.52
411.36
514.20
617.04
719.88
1985
$113.16
226.32
339.48
452.36
565.80
678.96
792.12
TO YEAR 
TOTAL
$ 764.64
1,529.28
2,293.92
3,058.56
3,823.20
4,587.84
5,352.48
(BASED ON 95 KWH/PERSON/MONTH)
PERSONS 
IN FAMILY
WATER HEATING COST SAVINGS FOR LAKELAND, FLA.
ELECTRICAL COST FOR 
10 YRS WITHOUT SOLAR
ELECTRICAL COST FOR 
10 YRS WITH SOLAR 
UTILIZATION AT 80%
SAVINGS IN 10 YRS 
USING SOLAR
764.64
1,529.28
2,293.92
3,058.56
3,823.20
4,587.84
5,352.48
152.80
305.84
458.78
611.71
764.64
917.56
1,070.49
611.84
1,223.42
1,835.13
2,446.84
3,058.56
3,670.27
4,281.98
(COURTESY: SOLAR INNOVATIONS 412 LONGFELLOW BLVD. LAKELAND, Fl 33801
TABLE 3
BLACK PAINT GLASS
FIGURE 7. CROSS SECTION, SOLAR AIR HEATER.
Warm air
Solar heat collector
Cold Typical hot 
air distribution
FIGURE 8. SOLAR BUILDING HEATING SYSTEM (HOT AIR).
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Solar collector
Conditioned air
Absorper
FIGURE 9. SOLAR AIR CONDITIONING.
"1 13*0* \_.__.__,> 1010
Values given in Btu's per square foot
FIGURE 10. MEAN DAILY SOLAR RADIATION.
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